In 30 isolated, spontaneously beating right atrial preparations of the rabbit, the arrhythmogenic actions of ouabain were studied with microelectrodes. Ouabain (10~6 M) uniformly produced the following events: (1) a gradual increase in sinus rate with periods of alternation of beat-to-beat atrial intervals, (2) a rapid rate and regular rhythm, (3) severe irregularity of rhythm, (4) total atrial arrest. Cycle length decreased from 394 msec ± 43 (mean ± SD) during control to 229 msec ± 26 during the period of rapid rate and regular rhythm (P< 0.001). Pretreatment with atropine or propranolol did not abolish this positive chronotropic action of ouabain. Maps of the spread of activation in the area of the sinus node in eight experiments revealed that the speeding up of rate is accompanied by a shift of dominant pacemaker site toward the sinoatrial border. In explanation, it is shown that sinoatrial border fibers develop strong diastolic depolarization, whereas dominant pacemaker fibers do so to a lesser extent or not at all. The atrial arrhythmias-best to be described as "digitalis-induced sinus tachycardia"-may represent the experimental counterpart of the so-called "paroxysmal atrial tachycardia with block" described as a common manifestation of digitalis intoxication in man.
KNOWLEDGE of the electrophysiological effects of digitalis on the sinus node is limited. In most studies, only the effects of cardiac glycosides on rate and rhythm were recorded. Slowing of sinus rate has been described as a common feature of digitalis action in patients with congestive heart failure; this, however, does not reflect a direct action of the drug, but occurs secondary to the improvement of the circulation (Moe and Farah, 1975) .
Cardiac slowing, which occurs in animals as well as in man (Mason and Braunwald, 1963) , has been attributed to an indirect vagomimetic (Heymans et al., 1932; Krueger and Unna, 1942; Gaffney et al., 1958; Chai et al., 1967) and anti-adrenergic effect of the drug (Mendez et al., 1961; Nadeau and James, 1963) . After pharmacological blockade of the influence of autonomic nerves, Ten Eick and Hoffman (1969) were unable to substantiate any direct negative chronotropic action of the drug on the mammalian sinus node when it was used in nontoxic concentrations.
In digitalis-intoxicated patients, supraventricular tachycardia with atrial activation in a high-low direction and alternating changes in length of the P-P interval has been noted, sometimes being masked by an exit block of the pacemaker (Wellens, 1976) . From in vivo and in vitro experiments on dog hearts in which high doses of digitalis had been injected into the sinus node artery Hashimoto and Kubota, 1974; Geer et al., 1977) , an increase in atrial rate has been interpreted as an indication of a positive chronotropic effect. However, other mechanisms than increased automaticity of the sinus node as the basis for these supraventricular tachycardias can not be excluded.
Apart from some early observations made by Toda and West in 1966 , no studies using intracellular electrodes to evaluate the effect of digitalis glycosides on the sinus node are available. Therefore we investigated the direct effect of high doses of ouabain on both impulse formation and impulse conduction in the sinus node. In addition, it was hoped that these studies would provide more insight into the role that the sinus node may play in the generation or perpetuation of supraventricular arrhythmias originating in the high right atrium and associated with digitalis intoxication in man.
Methods
Young New Zealand rabbits were anesthetized with a mixture of fluanison and fentanyl (Hypnorm) (1 mg/kg, im) and given heparin, 1500 IU, iv. While ventilated through an endotracheal tube, the thorax was opened and the heart removed rapidly. A prep-aration was made, including the sinus node area, the crista terminalis, and the atrial appendage, but without the AV node. To reduce vigorous contractions during exposure to digitalis in experiments in which microelectrodes were used, most of the right atrium (except crista terminalis and 5 mm of atrial appendage) was cut away.
The preparation was mounted in a tissue bath with its endocardial surface uppermost. The superfusion fluid contained (in MM): NaCl, 130; KC1, 5.6; CaCl 2 , 2.2; MgCl 2 , 1.7; NaHCO 3 , 24; NaH 2 PO 4 , 1.2; glucose, 11; and saccharose, 13. The pH was kept at 7.35 ± 0.05 and the temperature at 37°C ± 0.1°C. The fluid, oxygenated by gassing with a mixture containing 95% O 2 and 5% CO 2 , entered the tissue bath at the bottom and was sucked off from the surface at a rate of 30-50 ml/min. The preparations were allowed to beat spontaneously.
Ten unipolar surface electrograms were recorded simultaneously from the crista terminalis by means of a brush electrode. This brush was made of 10 Teflon-coated silver wires glued together with an interelectrode distance of 1 mm. Another bipolar electrode was placed beside the crista terminalis on the atrial side and was connected to a programmable stimulator. By means of this electrode, electrical stimuli could be delivered via an isolation unit with a duration of 2 msec, a rectangular shape, and an intensity twice threshold for excitation.
Transmembrane potentials of fibers in the sinus node area were recorded through glass microelectrodes filled with 2.7 M KC1 and 2.0 mM K-citrate. Electrical resistances ranged from 10 to 35 Mfl. The microelectrode was connected by a chlorided silver wire to an amplifier with a high input impedance and capacitance neutralization. An Ag-AgCl plate served as an indifferent electrode. Spontaneous sinus rate was measured by leading one of the surface electrograms into a time interval counter (HP 5300 B Measuring System). After digital-toanalog conversion, the intervals between consecutive beats were recorded on-line on a pen recorder. The 10 electrograms recorded by the electrode brush, as well as the intracellular recordings, were stored on magnetic tape for subsequent detailed analysis (Ampex PR 2200; tape speed 3% or 15 inches/sec).
Ouabain was administered by switching from the control superfusion fluid to a superfusion fluid containing ouabain, which was freshly prepared by dissolving stock solutions of the drug in the control solution to give final steady state concentrations between 5 X 10~7 M and 1 x 10~6 M ouabain.
In a series of eight experiments, we mapped the spread of activation within the sinus node area before and after the administration of ouabain. Both mapping procedures were done with one single microelectrode which was used to impale cells at several sites in close succession using a manipulator which allowed horizontal movement of the micro-electrode in an area of 25 x 25 mm with an accuracy of 10 jiim. This approach has been described in detail in a previous paper (Steinbeck et al., 1978) .
Results

The Effect of Ouabain on Atrial Rate and Rhythm
The effect of ouabain in a concentration of 1 X 10~b M was studied in 30 preparations. The inotropic effect of the drug was apparent after a few minutes, but the effect on electrical behavior (measured as the action on rate and rhythm of the preparation) took somewhat longer.
This effect on rate and rhythm of the atrium varied from preparation to preparation, although a general pattern of response was present in all preparations. A representative example is shown in Figure 1. In this figure, the beat-to-beat interval is given before and during administration of ouabain (10~( i M). One of the 10 electrograms recorded from the crista terminalis is used to make this registration. Under control situation, the basic cycle length was 400 msec, and beat-to-beat variations were less than 2 msec ( Fig. 1A ). After administration of ouabain, the cycle length shortened gradually. After about 25 minutes, the rhythm became irregular, the differences between consecutive cycles amounting to no more than 50 msec ( Fig. IB) . During this period of slight irregularity, the "baseline" interval, around which the cycles were oscillating, decreased further. This phase of minor irregularity ended with transition to a constant rapid rhythm with an interval of 250 msec which lasted for 5 minutes ( VOL. 46, No. 3, MARCH 1980 1C). Thereafter, irregularity of rhythm appeared again, cycle length now changing by more than 100 msec; at times, a doubling of basic intervals was observed. With further exposure to drug (not shown in Fig. 1 ), total arrest occurred.
In Figure 2 , tracings of a unipolar electrogram from the crista terminalis are shown during different phases of exposure to ouabain. The data are taken from the same experiment as Figure 1 . In Figure 2A , the control electrogram is presented. In Figure 2B , recorded 32 minutes after the start of ouabain administration, the electrogram showed an alternation in cycle length, a long interval being followed by a shorter one, and so on. Of note is the fact that the configuration of the complexes is alternating too. After 40 minutes of drug exposure (Fig. 2C ), the cycle length has decreased to 250 msec. The configuration of the complexes, as well as the intervals, now is constant. In Figure 2D , the severe irregularities in rhythm that occurred in the late phase of ouabain intoxication are shown.
Thus, although there was variation from preparation to preparation with respect to the time at which ouabain exerted its effect on sinus rhythm, the sequence of the described changes was the same in all experiments, i.e.: (1) an increase in sinus rate with small irregularities of rhythm, (2) a rapid rate and regular rhythm, (3) severe irregularity of rhythm, and (4) total atrial arrest. This sequence of changes could be reversed by changing back to the control superfusion fluid. In most experiments, we stopped the ouabain administration as soon as severe irregularities in rhythm occurred and, after complete washout of the drug, administered it for a second time.
In 30 experiments, ouabain 1 X 10" h M decreased basic cycle length from a control value of 394 msec ± 43 (mean ± SD) to 229 msec ± 26 during the period of rapid atrial rate and regular rhythm. In a minority of experiments (six out of 30), a slight prolongation of cycle length by 20-40 msec preceeded the shortening of the interval. In other preparations in which lower concentrations of ouabain were applied (5-8 X 10~7 M), qualitatively similar, but quantitatively smaller effects were observed.
To exclude the possibility that the effect of ouabain on rate was secondary to release of autonomic transmitters, we did the following experiments. We added to the tissue bath, via an infusion system, a bolus of epinephrine in such a concentration that the basic cycle length decreased by at least 100 msec; then, propranolol was added to the superfusing fluid in a concentration sufficient to abolish the effect of this bolus infusion of epinephrine almost completely, i.e., there was at most an interval change of 10 msec. Subsequently, ouabain was superfused in a concentration of 1 x 10~6 M.
In seven experiments with a propranolol concentration between 0.2 and 0.5 mg/liter, the cycle length decreased from 370 msec ± 25 (mean ± SD) to 231 msec ± 12 under the influence of ouabain, and the changes in rate and rhythm were the same as in the experiments without propranolol.
In another series of experiments, we studied the effect of pretreatment with atropine. In eight experiments, atropine in a concentration between 0.1 and 0.2 mg/liter (enough to block almost completely the effect of a bolus infusion of carbamylcholine that caused, under normal conditions, an interval change of more than 100 msec) did not influence the effect of ouabain on rate and rhythm; ouabain caused a decrease in the beat-to-beat interval from 369 msec ± 8 (mean ± SD) to 204 msec ± 23.
The Effect of Ouabain on the Location of the Dominant Pacemaker
In three experiments, the sinus node area was separated from the atrium by a cut made along the border between the crista terminalis and the sinus node at the time ouabain (1 X 10~6 M) had produced a rapid atrial rate with regular rhythm (example C in Figs. 1 and 2). After this intervention, the right atrium immediately ceased to beat, whereas the isolated sinus node continued to discharge at the same rate as prior to the cut. This experiment proved that the origin of the ouabain-induced rapid rhythm (whether caused by acceleration of impulse formation or reentry) was located within the sinus node area. To evaluate the phenomena within the sinus node area, continuous intracellular recordings from individual sinus node fibers were made during the various phases of ouabain intoxication. Figure 3 provides an example showing a transmembrane potential recording from a sinus node fiber close (within 0.25 mm) to the dominant pacemaker fibers of this preparation (i.e., fibers exhibiting the longest latency between phase 0 depolarization and atrial activation during spontaneous rhythm). The upstroke of the action potential preceeded activation of crista terminalis, represented by the surface electrogram, by 28 msec during control conditions at a stable basic interval of 375 msec (top panel of Fig. 3 ). After exposure for 27 minutes to ouabain (5 X 10~7 M), the cycle length had decreased to 340 msec, and the activation of the fiber and the crista terminalis coincided in time (middle panel). After exposure for 43 minutes to ouabain, cycle length had decreased to 308 msec, and the upstroke of the action potential now lagged 9 msec behind the activation of crista terminalis. This is obvious from the lower panel of Figure 3 , since the time base of the oscilloscope is triggered from the upstroke of the action potential and the corresponding first atrial complex is not displayed. These striking changes in relative activation times between a sinus node fiber and the atrium are highly suggestive of a shift in the location of the group of dominant pacemaker cells.
Where is the Pacemaker Site Shifting to?
From the experiments employing a cut and described in the foregoing paragraph, it became clear that impulse formation during ouabain administration still originates in the sinus node. To determine where the pacemaker site shifts, it is necessary to make an accurate map of the spread of activation within the sinus node and atrium under normal conditions and under the influence of ouabain. It is not possible to make simultaneous recordings from the many sites needed to make such a map. However, if the rhythm is stable and regular and, furthermore, if the configuration and timing of the 10 simultaneous atrial electrograms are constant, indicating a constant spread of activation in the preparation, one can construct a map of the activation pattern from sequential recordings with a single microelectrode. We did this in eight experiments both under control conditions and after exposure to ouabain during the period of rapid rate and regular rhythm. Figure 4 shows one representative example. The map on the left shows the spread of activation during normal sinus rhythm (cycle length of 345 msec). The earliest discharge found in the sinus node is taken as zero reference; times of activation of the other locations (measured from the moment of fastest upstroke velocity of the action potential) are related to this zero reference. On the basis of Recording of the course of the transmembrane potential of a pacemaker fiber which is located less than 0.25 mm away from the dominant pacemaker fiber under control conditions (top trace) together with a unipolar surface electrogram recorded from the middle part of the crista terminalis close to the border of the sinus node (bottom trace). The oscilloscope is triggered at a potential level of about 50% of the total amplitude of the action potential. The beat-to-beat interval under control conditions was 375 msec; this interval decreased continuously under the influence of ouabain (5 X 10'' M). The administration of this drug had almost no effect on the action potential configuration. After 27 minutes, the spontaneous rate was faster, viz. interval 340 msec instead of 375 msec, and there was a change in latency between the upstroke of the action potential and activity of the crista terminalis, viz. 1 msec instead of 28 msec. The microelectrode was kept impaled in the same fiber for 45 minutes. In the bottom panel, the crista terminalis is activated earlier than the impaled fiber. From this continuous impalement, it can be concluded that the fiber under study is located close to the dominant pacemaker area under control conditions but is no longer involved in pacemaking function after the administration of ouabain. Vertical calibration at the right side of the third panel indicates 50 m V. VOL. 46, No. 3, MARCH 1980 CONTROL OUABAIN FIGURE 4 Map of the spread of activation in the sinus node area and the crista terminalis under normal conditions (left side) and during the administration of ouabain in a concentration of 8 X 10T 1 M (right side). The map on the right side was made within a period of 6 minutes, during which the rapid rhythm was stable and there were no irregularities (the administration of ouabain had lasted 1 hour at that time). During control, the cycle length was 340 msec and constant. A total of 61 places was explored consecutively by the microelectrode; during this period, 10 surface electrograms were recorded continuously from the crista terminalis (interelectrode distance of 1 mm) with an electrode brush. The earliest discharge of a fiber in the area of the sinus node in relation to the crista terminalis is taken as zero. The moment of activation of all other impaled fibers (the moment the upstroke of the action potential reached 50% of its amplitude) is related to this zero reference. These activation times are plotted in the diagrams, and isochronic lines are constructed 5 msec, 10 msec, and 15 msec after 0. In such a way, a reasonable indication is offered for the spread of the impulse from the dominant pacemaker site through the sinus node toward the crista terminalis. In the period during which the "ouabainmap" was made, the beat-to-beat interval was almost constant (195-210 msec) , and we were able to impale 35 sites with the microelectrode. Together with the 10 surface electrograms, the right map was constructed therefrom. Obviously, the dominant pacemaker site has shifted caudally and toward the sinoatrial border.
the activation times of the different fibers, isochronic lines were constructed indicating the spread of activation 5, 10, and 15 msec after the earliest spontaneous discharge (= zero reference). The left vertical row of activation times is derived from surface recordings on the crista terminalis, whereas the other activation times are measured from impalements with a microelectrode. The map of the activation sequence demonstrates that, during normal sinus rhythm, intranodal conduction is preferential toward the upper end of the crista terminalis.
Despite this, the atrial border along crista terminalis (tissue from which the right vertical row of data within the schematic drawing of crista terminalis is obtained) is activated more or less simultaneously about 20 msec after the discharge of the dominant pacemaker fiber (zero in left map). The conduction of the impulse from this pacemaker center in the direction of the intercaval region was very slow or even blocked. A similar activation pattern has been reported previously (Steinbeck et al., 1978; Sano and Yamagishi, 1965; Bouman et al., 1978) . The right map of Figure 4 shows the activation pattern in the same preparation after 45 minutes of exposure to ouabain (8 X 10"' M). The preparation beat regularly with a cycle length of 195-210 msec for 6 minutes, and during this period, cells were impaled with the microelectrode at 35 different sites in close succession. The 10 electrograms recorded from the crista terminalis showed a constant activation pattern during this period. The site of earliest spontaneous discharge shifted toward the sinoatrial border and toward the caudal end of the crista terminalis. Although the maps during exposure to ouabain usually could not be elaborated as accurately as during control conditions because of the short period of stable rapid rhythm and the difficulty of making good impalements due to vigorous contractions of the atrium, it was obvious in all eight experiments that a pacemaker shift toward the sinoatrial border had occurred. The exact site of the sinoatrial border fibers which became dominant after exposure to ouabain varied from preparation to preparation and was either at the cranial end of the crista terminalis, the caudal end, or somewhere in between.
The Effect of Ouabain on the Transmembrane Potential of Sinus Node Fibers
We have shown that ouabain causes an acceleration of impulse formation in the sinus node and a pacemaker shift toward the sinoatrial border. To explain this phenomenon, it seems reasonable to assume that ouabain enhances the slope of diastolic depolarization in sinus node fibers, and that this effect is more pronounced in fibers from the border of the sinus node (close to the crista terminalis) than in fibers from the central part of the node. To investigate such changes in the transmembrane potentials of sinus node fibers, it is necessary to keep the microelectrode perfectly impaled in the cell during a long period. Because of enhanced contractility due to ouabain, we succeeded in doing so in only a few experiments and this allowed us to describe the changes only in a qualitative way. Figure 5 is an example of these changes. During normal sinus rhythm, the microelectrode was in a fiber located between the dominant pacemaker fibers of this preparation and the crista terminalis. In the top left panel, the voltage-time course of the transmembrane potential is shown together with an electrogram from the crista terminalis during spontaneous rhythm (interval 420 msec). In the top right panel, the transmembrane potential of the same fiber is shown during electrical stimulation of the atrium at a cycle length of 300 msec. The bottom left panel shows the action potential of the same fiber after exposure for 50 minutes to ouabain (8 X 10~7 M) during a regular rapid spontaneous rhythm. From the intracellular recordings, it is obvious that the slope of diastolic depolarization has increased markedly under the influence of ouabain. Moreover, during spontaneous rhythm, the transition from phase 4 to phase 0 depolarization has become very smooth. Simultaneously, the amplitude of the total transmembrane potential has decreased from 75 to 59 mV. To directly compare the slope of diastolic depolarization of the fiber before and after drug administration, the sinus node preparation was driven again at a cycle length of 300 msec (bottom right panel). Comparison of the right top with the right bottom panel reveals that ouabain also caused an increase in the rate of diastolic depolarization in addition to a fall in total amplitude during constant atrial pacing.
In some experiments, we impaled fibers of the crista terminalis and observed a depolarization during exposure to ouabain. Furthermore, shortening of phase 2 repolarization (plateau phase), prolongation of phase 3 repolarization, and decrease in action potential amplitudes were seen. Identical changes have been described for the left atrium of the guinea pig (Sleator et al., 1964) . We did not observe the development of diastolic depolarization in these fibers.
Severe Irregularities of Sinus Rhythm
After prolonged exposure of the preparation to ouabain, the atrial rhythm became very irregular with marked changes in beat-to-beat intervals. An example is given in Figure 6 . The intracellular recording from this sinus node fiber shows continuous changes in the duration and steepness of phase 4 depolarization as well as a considerable variation in the time-lag between activation of the fiber and atrial activity. Furthermore, this figure suggests that during this phase of ouabain intoxication, conduction within the sinus node is impaired with ensuing fragmentation and dissociation; the transmembrane potential of this sinus node fiber shows marked changes in action potential amplitude, small humps, double-shaped action potentials, and broad fusion action potentials.
In Figure 7 , another event frequently observed during this late stage of ouabain intoxication is demonstrated, namely the occurrence of long pauses. In this case, the atrium exhibited a pause of 1080 msec, and during that time, the impaled sinus node fiber, which was located at the border of the node, did not discharge. Instead, the fiber showed two subthreshold humps. Note that the pause has a duration that approximates three times the interval between the subsequent sinus beats. FIGURE 6 Severe irregularities of rhythm. Recording of the transmembrane potential of a sinus node fiber together with a unipolar electrogram from the crista terminalis. This recording was made after the preparation had been superfused for 80 minutes with a fluid containing 5 x 10~7 M ouabain. The total registration period in this figure amounts to 2800 msec. The vertical bar indicates 50 m V. See text for further discussion. VOL. 46, No. 3, MARCH 1980 FIGURE 7 Atrial pause. Intracellular recording from a fiber in the sinus node located at the sinoatrial border (upper trace) together with a surface electrogram from the crista terminalis (lower trace) at the moment the preparation was exposed to ouabain (5 X 10' 1 M) for 40 minutes. Calibrations indicate 50 mV (vertical) and 1000 msec (horizontal) . For further description see text.
Finally, the top left panel of Figure 8 shows almost total atrial arrest as the final result of ouabain intoxication (80 minutes ouabain 1 X 10~6 M). After the first atrial activation in the lower electrogram, atrial activity is severely depressed (signals of very small amplitude are seen in both electrograms), but during this time, the sinus node fiber still discharged rhythmically, although with action potentials of alternating amplitude. After 2 minutes of ouabain washout (top right panel), alternations in amplitude of the transmembrane potentials of the sinus node fiber continue; however, sinoatrial conduction is reestablished for some beats (amplitude of surface electrograms in the lower traces are identical to those in the top left panel). After 5 minutes of ouabain washout (bottom left panel), 1: 1 sinoatrial conduction has reappeared. A reimpalement of the same site after 15 minutes of washout (bottom right panel) reveals a latent pacemaker fiber with a greater action potential amplitude and decreased phase 4 depolarization when compared with the trace in the top left panel.
Discussion
Administration of "therapeutic" digitalis doses under clinical circumstances is commonly associated with a slowing of sinus rate which follows the increase in cardiac output or is due to indirect vagomimetic and antiadrenergic effects of the drug (Moe and Farah, 1975; Heymans et al., 1932; Krueger and Unna, 1942; Gaffney et al., 1958; Chai et al., 1967; Mendez et al., 1961; Nadeau and James, 1963; Ten Eick and Hoffman, 1969) . Our study supports the previous note by Toda and West (1966) to the effect that toxic concentrations of ouabain lead to an acceleration of sinus rate in the isolated rabbit sinus node preparation.
The ouabain-induced tachycardia (C in Figs. 1 and 2) is associated with a shift of the dominant pacemaker site from the center of the node toward the sinoatrial border (Fig. 4) . This can be explained by the assumption that the speeding up of diastolic depolarization by ouabain is more pronounced in the border fibers than in the fibers in the center of the sinus node. The reason for this difference in sensitivity to ouabain remains uncertain. Also, for other areas in the heart, differences in sensitivity to digitalis toxicity have been described for left vs. right ventricular Purkinje fibers (Reiser and Anderson, 1977) and for Purkinje fibers vs. ventricular myocardium (Vassalle et al., 1962) . In the present study, we have not been able, because of the vigorous contractions, to keep a microelectrode long enough in fibers of the sinus node to make a quantitative study of the effect of ouabain on the transmembrane potential. However, from reimpalements at the same site, we could establish in a qualitative way that the transmembrane potential of fibers in the center of the node is less affected by ouabain than of the transitional fibers at the sinoatrial border.
In the period between normal sinus rhythm and the establishment of the regular ouabain-induced tachycardia, the sinus node showed small irregularities of rhythm with an alternating cycle length (B in Figs. 1 and 2) . During this period, the dominant pacemaker shifts from the center of the node (control) toward the sinoatrial border (digitalis-induced tachycardia). Therefore, the instability of sinus rhythm in this phase could be explained easily by a competition between these two pacemaker centers. Once the new pacemaker has gained sole control, sinus rate again becomes very regular.
Tracings during the late stage of ouabain toxicity are compatible with the appearance of multiple pacemakers in the sinus node area, continuous pacemaker shifts, and a marked decrease in conduction velocity in the node and the surrounding atrium. Finally, total arrest of the atrium is caused by sinoatrial exit block.
From our observations, it can be concluded that the changes in sinus rhythm caused by ouabain intoxication are brought about by both an acceleration of the process of impulse formation (positive chronotropic effect) and a serious depression of conduction in the sinus node which progresses to sinoatrial block (negative dromotropic effect). The question of which ionic mechanism(s) might be responsible for the positive chronotropic effect of ouabain cannot be answered by our study. Ouabain might have inhibited the sodium pump, thereby depolarizing the membrane to a level at which spontaneous discharges are initiated. That depolarization may act in this way has been shown in the rabbit sinus node by Irisawa (1972) who, on application of a depolarizing current, demonstrated an increase of diastolic depolarization and an acceleration of the rate of pacemaker cells in a preparation mounted in a double sucrose gap. Another explanation might be that ouabain might have promoted automaticity in sinus node fibers like that described for Purkinje fibers (Rosen et al., 1973; Davis, 1973; Ferrier et al., 1973) .
Clinical Implications
So-called "paroxysmal atrial tachycardia with block" has been described as a common manifestation of digitalis intoxication in man (Lown et al., 1960) . The basic characteristics of this arrhythmia include (1) gradual onset, (2) a rate of 150-220 beats/min, (3) an isoelectric baseline between Pwaves, (4) gradual slowing after withdrawal of the drug, and (5) various degrees of AV block. Lown et al. (1960) argued that this paroxysmal atrial tachycardia with block is produced by a rapid ectopic pacemaker high in the atrium. From studies of the effect of acetylstrophanthidin infusion into the canine sinus nodal artery, Geer et al. (1977) concluded that a no/i-paroxysmal tachyarrhythmia of possible sinus or possible atrial origin was the basis for the above described clinically observed arrhythmias. We agree with their opinion that the term "paroxysmal atrial tachycardia" is misleading: not only because the word "paroxysmal" is not consistent with the gradual onset of the tachycardia, but also because, in our study, this digitalis-induced tachycardia was not of atrial but of sinus origin. Therefore, the term "digitalis-induced sinus tachycardia with block" seems preferable. Our observations were made in the isolated sinus node preparation of young healthy rabbits with crista terminalis and attached right atrial appendage. We cannot rule out the possibility that tachycardias also could originate from other atrial tissue not studied by us (such as septum, left atrium, coronary sinus). In case some underlying organic atrial disease is present in man, this also could set the stage for supraventricular tachycardias of atrial origin due to digitalis overdosage or intoxication. In addition to supraventricular tachycardia, sinus bradycardia is frequently observed in digitalis-intoxicated patients. This may be caused by drug interaction with the intact autonomic nervous system in vivo.
Depression of conduction explains the frequent occurrence of the various degrees of sinoatrial block in digitalis intoxication.
It is the combination of different effects on rate with the depression of conduction that gives rise to the wide spectrum of supraventricular rhythm disorders observed in digitalis intoxication in man.
